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Summary 
This note is on an investi gation made t o obtain informa-
tion on the strength of th in curved sheets of Alclad in shear . 
Designers may ut ilize this materi al as a st r ength member as 
we ll as for a covering for the wings and fusela ges. A reduc-
tion may then be made in the size of the internal strength 
members. Thes e experiments were unde r taken with the object of 
securing the maximum value from the metal in this respect. 
The point at which buckling occurs is of primary importance. 
The buckling shear of a curved thin plate was determined mathe-
mat ically and al so experimentally. The following formula WaS 
obtained mathematically: 
s = K E.1 r 
in which s is the unit shear , K is a constant, E is the 
modulus of elasti c ity, t is the t h i ckness of the material, 
and r is the r adius of curvature. The value of K as deter-
mined by the experiments was found to be . 075. This formula 
applies only when s is within the elastic limit of the material. 
1 *Thesis submitt ed in partial satisfaction of the requirements f or 
the d egree of Easter of Science in lvlechan i cal Engineering in the 
Graduate Division of the University of Californi a . 
L 
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The breaking point of the materi al WaS obtai ned i n most of 
the tests as a matter of information and t he resul ts ar e in81ud--
ed in this report. The effect of the supp or t ing ribs WaS de-
termined by varying the number used. 
I nt roduction 
In military aircraft the pay load t hat an a i r plane can 
carry is not always the primary consider at i on. However , in 
commercial aviation such is UGually t he case and ever y effort 
i s directed toward secuxing the maximum pay load. By utiliz i ng 
t he maximum strength values of the wing and fus elage coverings 
i t is pos s ible to decrease the weight r equi red fo r the internal 
strength members of the airplane. Thi s sav ing i n weight can 
t hen be devoted to carrying additional pay load. 
The mater ial used throughout i n the experimental work WaS 
al clad. This is t he regular l.7ST dur al umi rr with a coating of 
pure aluminum on each sur face . Thi s surface coating greatly 
increases the resistance of the mater ial t o corr osion. An ac-
count of this is given in the appendi x . 
The length of the test sheet i n al l of the experiments Was 
t wenty-four inches. The t ests were made with the material 
curved to form the quadr ant of a c ircle. The four values used 
f or the r adii in making t he t ests wer e : 4. 312", 5 . 18.7 11 , 
6 .18J", and 6. 9 37". Four gauges of the material were used with 
t he following thicknesses in thousandths of an i nch : .010 , 
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. 014, .020, and . 032. A t est Was made u sing three r i bs for 
each of the gauge s with the different radi i . In the set of t est s 
u sing four ribs, every gauge was used wi t h one of the radii . 
The 5.187" radius was t he one us ed i n mak i ng the tests with 
four ribs. Duplic ate tests were made t o check t he resul ts of 
tests which seemed questionable. A detail ed log of the tests 
with the tabulation of the data obtained i s given i n the appen-
dix. The mathematical developme~t of the fo r mula for the buck-
ling shear of a curved thin plate is also included in the appen-
di x . 
Construction and Operation of the Test M:achine 
A photogr aph of t he machine used i n c onduc t ing the test s is 
shown in Figure 1. The pl an view of the machine is given in 
Figure 2, the front elevation in Fi gu re 3, and the side sect i on 
in 
view is given/ Figure 4. Pictures of the fi r st twelve test spec-
imens after being te s ted are shown i n Figures 5, 6, ~~d 7. 
These pictures show the manner in whi ch the buckling and break-
ing occurredr 
The machine is supported above the floor with a wooden 
b ase. This is necessary to make p ossible the operation of the 
j ackscrew which applies the upward force to the movable edge of 
the test specimen. The j ackscre tr ansmit s the fo r ce to the 
lever arm through a small metal block 1FTh i ch is shown in the 
s ide section view. The block has a kni fe - edge at the top t o 
carry the beam in order to r educe the effect of fr i ct i on t o a 
minimum. 
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The short arm of the beam transmits the force to the slide 
through another knife-edge arrangement as shown in the side-
section view. The movable edge of the test specimen is secured 
to the slide . The longer arm of the beam is connected to a 
scale which reg isters the fo r ce at that end of the beam. The 
length of each arm was carefully measured and it WaS thAn p().$c-i~ 
ble to obtain the actual fo r ce that WaS applied to the moving 
edge of the test specimen. It was not necessary to take into 
account the weight of the levex arm and the scale as these 
we i ght s were counterbalanced. 
The lever a rm r etaining strap WaS used to protect the scale 
from damage when the test specimens r eached the breaking point. 
Without this protection the scale would have had the lever arm 
fall upon it every time that a test specimen WaS broken. How-
ever, difficulty was experienced with the scale at the breaking 
point of the material but f rom another source. The material 
usually broke quite suddenly and the sudden release of the ten-
sion on the scale oft8n caused the internal mechanism of the 
scal e to jump a tooth . The scale WaS therefore carefully checked 
befo r e each test and when necessary it was adjusted and recali-
br ated. 
The largest scale Qvailable was a SffiD-pound scale. By means 
of a lever-arm arrangement it was possible to use it for taking 
readings up to almost 6000 pounds for the force applied to the 
test spec i me n. However, some of the tests required readings to 
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be taken above this value . The range of the mach i ne Was in-
c reased by adding knovm weights by me QUs o f a bar on the lever 
arm just above the sc a~e. By this means it was possible to de-
t e rmine the amount of the fo rce that WaS appli ed up to the limit 
of the machine . The limit of the machi ne was then dete r mined 
only by the limit of the jackscrew. I n one of t he test s a fo r ce 
of over 12,000 pounds Was deter mi ned but the jacks crew failed at 
this point as it was only a 5-ton jacksc rew. It waS replaced 
wi th a similar j ackscr ev~ and in t he r emainder of the tests no 
force greater th an 10, 000 pounds was applied. All of the buck-
1 ing values were obtained in the lovJer r ange of the machine . 
The breaking points of all except the one gauge with a thicknes s 
.032 inch were within the 10,000-pound limi t. 
The sl ide receives the force from the lever arm thr ough a 
small flat pl ate welded to it at the bottom. This plate rests 
on the knife edge on the lever arm wh i ch was previously men-
tioned. The slide is kept betvle en t he two lcu'ge vertical gu i de s 
by the two sma~l guard straps shown i n the front el evat i on in 
Figure 3. These guard str aps are made of one- inch angle iron 
but it was found nec es sary to r e inforce them by bolting a half-
inch plate over them. Each of t hese plates was about four by 
five inches aDd they were b Qltca d to t he ve r tical guides. Th i s 
WaS necessary in ordoT to enable the guard straps to withstand 
the outward f or ce of the slide as the uppe r lirni t of the ma-
chine was approached. 
, 
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The slide VIas mc.de of two four-i nch C channels placed back-
to-back. The open s ide of one of these channels Was placed to-
ward the f r ont of the machine and i t cQ.r ries the :tngle irons 
vii th the moving edge of the test specimen. The clen.rance be-
tween the slide and the vertical guides was adjusted to the prop-
er amount by means of an adjusting bolt above the slide. This 
adj usting bolt is snovm in the front elevation. The sliding 
surfa,ce s ·were kept well oiled to reduce the fr iction as much as 
poss ible . 
A tuo-inch strip of heavy gauge sheet iron was bolted on 
each v erti cal side of the test sheet vrith qun.rt er-i nch bolts . 
These strips wer e in turn bolt ed bet~een pairs of tuo-inch angle 
irons . The angle irons on the moving side of the test sheet 
were bolted to the open si de of the slide with half-inch bolts . 
The n.ngle irons on the fixed side of the test sheet were bolted 
to the \1eb of adjustabl e f ixed support as shown in Figures 3 a.nd 
4 . This support was made f r om an I -ben.m by cutting off one of 
the fl a,nge s . I t vrould have been better to hn.ve removed only 
half of the fl ange and left the other hQ.lf there to stiffen the 
vreb . In some of the experiments it wo..s necesso..ry to use st iff-
ene r s for t he vveb in the upper r o..nges of the machine . The web 
of the I-beam WQ.S slotted to per mit va.rying the position of the 
angle irons which car ried the fixed edge of the test sheet . 
The f l n.nge TIas also slotted as shovm i n Figure 3 to per mit ad-
just i ng the ll1n.ch i ne to the different size r o..dii. 
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The test she ets wer e secured to ·the supporting ribs at the 
top and bottom with quarter-inch bolt s. These bolts as well 
as those on the vertical sides were sp~ced at one-inch inter-
vnJ.s . Great cLlIe V:laS exer c ised to get the material to fit snugly 
over the ribs . I n the first experhlent the m.::..tericl was also 
bolted to the center rib but the mo.teri::>..l br oke there first . 
To bolt the materiul to any but the end ribs had the sume effect 
as short ening the test sheet to the length between the nec..rest 
ribs . Therefore, i n the l'emainder of the tests the material 
was bolted to none but the ribs at the top and bottom of the 
test sheet . In the fi rst thre e tests the two-inch strips had 
been bolted on the outs ide of the cur ve of the test sheets. 
Better r esul ts were obtained by plac i ng the strips inside the 
curve fo r it pr evented the washers on the bolts from causing 
the material to fail at the edge of the wQshers . This can be 
observed by studying the br eaks for tests three and four as 
shown in Figure 5. Test thr ee WaS ~ade with the strip on the 
out side of the curve and test four was ;'.1ade with it inside the 
curve . With the exception of these two alterations the orig-
inal p rocedure in conducting t he tests Was found to be satis-
factory . 
I n runni ng off a test the s cale and counterbnlance \7ere 
firs t checked. The test sheet was then f itt ed into the machine . 
It was found best to secure the moving edge to the slide before 
securing the f ixed end . For the fi r st test with each size r adius 
• 
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the adjustable fix~d support Was then brought into position and 
securely bolted in place. The angle irons on the fixed edge 
of the test sheet were then bolted to the web of the I-beam 
thr ough the slots previously mentioned. The jackscrew was taken 
up and the reading of the scale recorded. The fo r ce applied to 
the test specimen was computed lat er. 
Res u 1 t s 
The value at which each of the test sheets fi rs t buckled 
was obtained for each of the exper i ments . The breaking point 
was also obtained fo r those tests in which the Yl1aterial was 
broken. The data for each succeeding ~ninkle is also included 
in the appendix of this report • 
The r esults obtained were plotted as curves. In Figure 8 
the total force requir ed to buckle the material is plotted as 
one ordinate and the thickness of the mater ial in thousandths 
of an inch is plotted as the abs c issa. Five curves are given 
here , one for each size r adius in whi ch the material WaS sup-
ported with three ribs, and one curve for the 5.l87-inch radius 
where four ribs were used. The buckling values for all of the 
test s made using three ribs we r e plotted in Figure 9. A curve 
was also plo tted here to r ep resent the fo rmul a nhich W£l..S ob-
tained mathematically for the buckling shear. The ordinate here 
is the shear in pounds per square i nch and the abscissa is the 
ratio of radius over thickness . Fi gure 10 is similar to Figure 
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9, but it i s fo r the breaki~g v2~ues instead of for the buckling 
volues . Fi gure 10 is just included as a matter of inforr:1[l.tion 
as the results obtained fo r the breaking value s are not as satis-
.f2.ctory as those fo r the buckling values. 
Discussion of Re sults 
The results of these experii:1ents as shorm in Figure 9 have 
proven mos t satisfa.ctory . Mos t of the experiraents plotted very 
nicely along a smooth curve and they followed this curve re::lU-Tk-
ably well i n the left half . None o.f the test s WC'..S VJild . The 
cur ve whi ch waS plotted with the fo r r..1Ula obtained mathematically 
agr eed very closely with the experimental curve. These two 
curves repre s ent the basis of this inve stigation. All of the 
data necessary fo r the int er pr etat ion of the curves are included 
on the sheets with t he cur ves . 
The cur ves i n Figur e 8 show that the resistance of the ma-
terial to buckling increases with a reduction in the radius of 
curvature fo r the material being tested . For example, when using 
the material with a thi ckness of . 032 inch with a radius of 6 .937 
inches i t buckled at 3,125 pounds . The same materi al used with 
a r adius of 4.312 inches di d not buckle until the force had been 
increased to 4 , 375 pounds . The difference in using these two 
radi i r esulted in a differ ence of 1 , 250 pounds in the force re-
quired to bu ckle the materi al. 
The effect of incre as ing the number of supporting ribs is 
• 
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also shown ver y definit ely in t his set of curves. Here the 
5 .187-inch I'adius when suppor ted with thr ee ribs required less 
fo r c e to buckle it than was r equired to buckle the 4.312-inch 
radius sheet . However, when the 5 . 187- inch radius was used 
with four r i bs the resistance to buckling Was gr eater than that 
f or the smaller r ad i us . I n obtaining the curves in Figu;e 8 
a test was made for ever y gauge and u s i ng each radius. There 
were also some check tests made . 
T~e curves in Fi gure 10 give a general idea of where to 
f ind the breaking point . S~oh great accuracy Was not deemed nec-
essary in obtaining the breaki ng point as was the case with the 
buckling values . This is the only information that is probably 
necessary in this respect fo r i n actual practice the breaking 
point of the material should not even be approached. After the 
material has been buckled, its life i n aircraft construction 
has ended and it must be i mmediately replaced •• The formula ob-
tained fo r the buckling shear waS limited to use within the 
el astic limi t of the material but a constant was determined to 
f i t it to the cur ve for the breaking value. In view of the 
fac t that the breaki ng point is beyond the elastic limit of the 
material the cur ves followed each other as closely as could be 
expected. The best value of K to use in this case WaS found 
at 
to be . 200 . With that value of K the curves crossed! their 
centers and diver ged in approximately the same amount on both 
sides . The br eaki ng cur ves al so follow the general direction 
of the buckling curves but at a fairly constant larger value. 
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The differ enc e here would s er ve s omewhat as a factor of safety 
though it should be additional to it and not considered as par t 
p f i t . 
C on c 1 u s i on 8 
Rel iable results we r e obtained i n regard to the values of 
t he buckl i ng points for Al cl ad . These exper iments show that 
t his mater ial c an car r y a cons iderabl e load in addition to jus t 
s erv ing as a cov er ing on the wing s and fus elages . It Was also 
shown that the r e sist ance of the material to buckling waS in-
cr eas ed appr eci ably by t he u s e of i nternal supports . It is ev-
i dent ther efore t hat th i s materi al can be successfully used 
al s o a s a s t r ength member but t hat to obtain its maximum value 
it should have some int er nal support s . 
A p pen d i x A 
Detailed Descr ipt ion of the Tests 
The fi r st test was made wi th the size .032 material sup-
ported with thr ee rib s . The illateri al in this test was bolted 
to each of the three ribs . The scale was calibr ated prior to 
beginning the t es t and it was f ound to read three pounds heavy . 
This was taken into account i n the calculations later on. The 
sc al e was calibrated by mean s of the two 50- pound standard 
we ights that were availabl e . One weight alone registered 53 
p ounds and the two weights suspended together registered 103 
p ounds . The mater ial buckled in thi s exper iment when the scale 
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registered 375 pounds . It appeared quite likely that the limit 
of the scale would be reached before the test specimen would 
break and therefore the two 50-pound weights were placed on the 
bar just above the scale on the lever arm. As the scale only 
ran up to 600 pounds, this was necessary to increase the range 
of usefulness for the scale . The test Was then continued and 
the material failed at 580 pounds scale reading. The te~sheet 
broke at the holes where it was bolted to the center rib. As 
previously explained these holes had the sruffi 'effect as would 
have been obtained by halving the test sheet. So in the re-
mainde r of the tests the material Was only bolted to the end 
ribs. A photograph of this break as well as pictures for the 
following eleven experiments are shown in Figures 5, 6, and 7 . 
The second test was made with the .014 size material, and 
it was also supported with three ribs. An additional bolt waS 
placed at each end of the supporting strips for the great force 
employed in these tests had caus ed one of the corners to slip a 
little in the first test . A small shear force was exerted on 
the test sheet while it was being clamped into the machine but 
it was register ed on the scale and read in on the scale reading . 
A large wrinkle formed in each half of the test sheet at 48 
pounds scale re ading. Another \flinkle formed at 63i pounds scale 
reading. At 175 pounds there were four wrinkles in the upper 
half and three in the lower half. At 318 pounds the bolt holes 
in the upper ri ght-hand co rner broke and the scale dropped to 
307t pounds . As the force was incr eased more holes tore out 
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without showing any incr ease in the scale readi ng . The fai l ur e 
in this test occurr ed at the outer edge of the washers placed 
under the nuts . This c an be clearly seen in ths p i cture of the 
number two specimen in plate two and more so for the number 
thr ee spec imen. I n test number two the material br oke fi r st at 
the edge of the washer for the maj or bX$ak and then it broke 
next at t he holes proper. In test t hr ee t here were many mor e 
of the breaks at the edge of the washers. 
The thi r d test Was made with th e .020 size material sup-
por t ed with thr e e r ibs . A wrinkle for me d in the lower half when 
the scale regist er ed 165 pounds. At 215 pounds a wrinkle fo r med 
in the upper h alf . It appear ed t hat it would be necessary to 
exce ed the limit of the scale i n order to break this specimen . 
Ther ef ore , at 350 pounds s cal e re ading the two 50-pound weights 
were added . The addition of t he se weight s brought the scale 
back to the 287- pound mark . The test was then continued and at 
574 pounds scale reading the material br oke at the lower left-
h and corner of the te st sheet. The force was increased with the 
jackscr ew but at 527 pounds the mate r ial separated at the bolt 
h oles on the left side of the sheet and t he scale reading dr opped 
to 230 pounds . I ri t his t est it Was clearly shown that the wash-
ers under the nuts holding the mat er ial i n place were weakening 
the material there . I t was decided to determine whether this 
could be overcome by placing the s t r ip of suppor ting galvanized 
iron ins i de the curve of the test sheet. This pr oved to be the 
be tter met hod and it was used f or the remainder of the test s. 
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The fourth test was made with the . 010 size mater ial . In 
this test the material did not fit so snugly as i n the preced-
ing tests but it did not appear to be suff ic i ently loose to 
cause any appreciable error in the re sult of the test . The value 
of the readings obtained in this test di d c ompare favorabl y with 
other similar tests. A wrinkle forme d in the upper half at 57 
pounds, and at 100 pounds one fo rmed in t he l ower half. The two 
50-pound wei ghts with their supporting bar wer e now added. The 
t est was continued and at 475 pounds scale r eading the upper 
right-hand and the lower left-hand corner holes cr acked. At 
478 pounds the holes in the upper ri ght -hund cor ner gave way 
and the scale dropped to 290 pounds. The test sheet in this 
c ase was also supported with thre e ribs as for t he preceding 
experiments. 
The fifth test was made with t he . 032 size material and it 
Was supported with four ribs. Two wr inkles for med in the mid-
dle section at 520 pounds scale reading. Then the two 50-pound 
weights and also two T sections of a large pipe and a number of 
ot her weights of known weight were added . The values of these 
weights ar e given in this appendix wi th t he tabul ation of the 
data from these experiments . Before the br eaking point of the 
material WaS reached and before the l imit of the machine WaS 
reached the test Was held up . This WaS due to the failure of 
the bolts holding the slide guard straps i n place . At this 
time the tension appeared to be great est al ong a ridge in the 
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center of the test sheet . The edges of the material all looked 
very st r ong yet at that time . After repairing the slide guard 
straps the test was continued. All of the weiGhts were added 
and the total force 'exer ted on the test specimen WaS later cal-
culated to be 12,300 pounds . The material did not break, how-
ever. The j ackscr ew used i n this machine WaS only a 5-ton jack-
screw Clnd it failed i n this eX~)eriinent. It was replaced by a 
similar jackscr ew and for the remaining experiments it was 
deemed advisable to limit the use of the machine to 10,000 
pou~ds . Thi s could be done very well and still carry out all 
of the tests with the exception of securing the breClking point 
for the . 032 s i ze mate r ial. Tnis i nformation WaS not considered 
to be of such great importance as compared to the other infor-
mat i on obtained in these experiments. Ainple data were secured 
in this respect from the three smaller thicknesses of the mate-
rial that wer e used in t" is wo r k . 
The sixt h test WQS a dupl i cCltion of the first test in order 
to check it . However, in this case the test sheet was not bolt-
ed to the center rib . The buckling value was somewhat greater 
and the break i ng value \'VClS considerably greater. At 458 pounds 
scale reading a 'wr i nkle fo r med in the 10 ver he.lf and the scale 
dropped to 445 pounds . Weights were then added consisting of 
the two 50- pound weights , the two T-sections, and two of the 
sim i lar solid steel cyl i nde r s . The addition of these weights 
brought the scale r eading dovm to 192 pounds. The test waS 
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cont inued until the slide slipped out of place due to a spring-
ing of the slide guard stra.ps . The v alue of the force n.pp1_i8r1 
to the test sheet when the sl i de slipped out of place WaS cul-
culated to be 10 , 804 pounds and as this was beyond the limit 
of the jackscrew it was deemed advisable to discontinue this 
test . The assistant whose we i ght TIaS 183t pounds, added his 
weight to that on the end of the lever arm to obtain the maximum 
forces in these tests . Afte r this test the elide guards -were 
reinforced with a pla.te covering which Was bolted to the guides . 
A separate plate was placed over each of the slide guards. Af-
ter this there WaS no fur the r difficulty experienced with the 
slide slipping out of place . 
In the seventh test four ribs were used to support the .014 
size material . At 78 pounds a wrinkle formed in the middle sec-
t ion and at 115 pounds a.Ylother '1,Tinkle formed in i t~ One also 
formed in the top section at the Slli~e time . At this point, put 
on the two T- sections and continued. At 300 pounds the ma.ter ial 
appeared to have rea.ched its elastic. limit for the -needle -would 
ease back from the mOAimum readings as the fo rce WQS increased. 
HOTIever , this may have been due to a tension or spring effect. 
At 380 pounds the first and third rivet holes in the upper ri ght-
hand corner gave way and the scale dropped to 368 pounds. With 
just a little more force the specimen fa iled completely in the 
upper right- hand corner . 
The eighth test ~a.S a very good test throughout. The test 
------~~----------------------- ---~--------------~----------------------- ---, 
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specir,len Wo..s fitted very snugly to the ribs in the set-up. It 
Was the size . 020 muter i ul and it was supported with four ribs. 
At 145 pounds a wrinkle fo r med in the lowor section and at 255 
pounds the mi ddle and. upp er sections viI'inkled. The vrrinkling 
continued up to the limit of the scale at vrhich time more 
we i ghts were added. The two T-sections, the fwo similar cylin-
de r s, and the two 50- pound weights were added, and this brought 
the scale reQding bo..ck to 290 p01mds; continued the test up to 
the limit of tho scale and then added more Hei ghts. The flange 
and the large solid steel cylinder wore added ut this time . 
The test was then continued and at 585 pounds the mat erial broke . 
I n this test the ma,t erial broke out in the crease first, away 
from the bolt ho les . This bre ak was followed by the holes tear-
ing out at the ri ght edge as shown in Figure 6. The material 
also cracked at the bo t tom edge in the left-hand corner. This 
was a very good test . 
Test number nine was also made with four ribs. The size 
.010 material was used. Prior to beginning this test the slide 
guides were carefully readjusted with the slide adjusting bolt 
to give the slide the best clearance. At 71 pounds a wrinkle 
f ormed in the middle section . The two 50- pound weights were 
added at the time whe n the scale r ead 170 pounds, and this 
brought the scale reading back to 94 pounds ; continued the test 
up to the breaking po i nt which was at 460 pounds scale reading . 
The mate r ial broke then and the scale dropped to 421 pounds . 
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Test number ten w~s made with the size .014 material sup-
po r ted with three ribs . This test was a repetition of test 
number two and was made as a check. The ~adius for this test 
and all of the preceding ones was 5.187 inches. At 52 pounds 
a wrinkle formed in the lower half of the test sheet. At 87 
pounds there were two wrinkles in the lower half and one in the 
upper half . Another wrinkle formed in the upper half at 135 
pounds . At 238 pounds scal e r eading the two 50- pound weights 
were added and the scale dr opped to 170 pounds. At 440 pounds 
it failed at the top edge of t he upper right-hand corner and 
also at the bottom edge of the lower left- hand corner. The 
force was continued up to 480 pounds scale reading at which 
point the specimen broke compl etely and the scale reading 
dropped to 380 pounds . 
Tests had now been made with this radius for two sets of 
ribs and for four sizes of the mater ial . Two check tests had 
bee n made and they agreed very well with the original tests . 
Therefore it was decided to use a different size radius in the 
next tests . The r adius used in the next four tests was 6.937 
inches . All of the remaining tests were made with three ribs . 
Test number eleven was made with the size .020 material . 
At 118 pounds a wrinkle fo r med rather faintly in the upper left-
hand corner . At 136 pounds a ~~ inkle formed in the lower left-
hand corner. There was also a wrinkle formed in the upper right-
hand cor ner at 126 pounds . The adjus t able fixed support slipped 
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at 320 pounds and the scale dropped to 152 pounds. The reason 
for this Was probably due to the use of the larger radius. The 
support Was braced wi th a metal block at the u:;:>pe r left edge 
and the test was continued. Wei ghts were added and the force 
VIaS run up to the limit of the machine but the material did not 
break . This may have been due to the fact that it had previ -
ously sl i pped during the test . The values obtained for the 
buckling point were good, however, as they had been taken prior 
to the slipp ing of the support . The values for the buckling 
point of the material when used with the larger radii were sat-
isfactory but the values for the breaking point were not 3.S good 
as those for t he smaller radii . 
I n test number t welve the s ize .010 materi8.1 was used. It 
\vr i nkled at 50 pounds scale re ading and at 360 pounds it broke 
in the upper right-hand corner . The holes in this test tore 
out under the washers. A p ic ture of this test sheet and the 
one for test number eleven a re i ncluded in Figure ']. This is 
the last test sheet that was photographed as the pictures of 
the firs t t welve spec i mens bring out the details of the breaks . 
In all of the t ests the bolts used t o secure the test sheet in 
place were all screwed up ve r y tight in order to give as good 
results as could have been obtained by using rivets. The re-
sults appear to be just as accur ate as if rivets had been used. 
The t r avel of the slide during this test WaS one inch and it 
was approximately the same in t he other tests. This is just 
included as a matte r of information. 
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Test number thirteen was made with the size .032 material . 
This specimen fit unusually well on the ribs and also in the 
machine . At 330 pounds two wrinkles appeared in the upper half 
and at 345 pounds a wrinkle formed in the lower half. At the 
limit of the scale all of the weights were added. These includ-
ed the two T- sections, the thr ee similar cylinders, the flange , 
the large cylindrical piece, and the two 50-pound weights. This 
brought the scale back to 310 pounds; continued the test up to 
330 pounds and then deemed it advisable to discontinue due to 
the bending of the web of the I-beam at the outer lower edge. 
It was not likely that the br ea,king point of this material 
would have been within the r ange of the jackscrew and therefore 
no fur ther thought Was g iven toward obtaining the breaking point . 
However, the 'web of the I-beam WaB reinforced with a flat metal 
plate bolted on the web on the opposite side from the place 
whe re the angle irons carrying the test sheet were supported. 
These bolts for the r einforc i ng plate also were used to bolt 
the angle irons to the web of the adjustable fixed support. 
The difficulty here mentioned was spoken of in the description 
of the machine with a recommendation for alteration in a dupli-
cation of this machine . The reinforcing plate fitted to the 
machine at this time proved satisfactory in the remaining tests 
and no further difficul ty WaS experienced from this source. 
Test number fourteen was made with the size .014 material. 
At 50 pounds scale reading a wrinkle formed in the upper half 
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and al so one i n the lower half. At 95 pounds, Dnother wrinkle 
formed in the lowe r half. At 555 pounds the material br oke 
simultaneously in the upper right-hand w~d the l ower left- hand 
corners. The scale dropped to 540 pounds; cont i nued the t es t 
until the scale registered 550 pounds . The specimen then fai led 
completely and the scale dropped to 21 8 pounds . This test com-
pleted the series of tests for t he 6. 937-inch r adius using each 
g auge of the material. When compared with the r esul ts obt a i ned 
in the pre ceding te s ts t hene app eared to be qu i te satisfactory. 
Th erefore , we proceeded to use the next s i ze r adius in the next 
tests. 
During the interval betwe en running off tests, numbers four-
te en and fifte en , t he sc al e had been used in other wor k in the 
s hop. Prior to be ing placed in the mach ine fo r test numbe r f if-
teen it was rec alibr ated and it was now f ound to read five pounds 
l i ght instead of t hr ee pounds he avy as i n the preceding tests . 
This was taken into acc ount in making the calcul ations fo r ob-
t a ining the value of t he f orce applied to the test sheet. 
Test number fift e en was made wi th t he size . 020 mQterial . 
The size of the radius us ed in t his test and the three succeed-
i ng ones was 6 . 1 8 7 inche s. At 110 pounds, a wrinkle formed i n 
the upper half, and a t 115 pounds one fo r med in the l ower half. 
At the limit of the scule, added t he two T-sections, the t'wo 50-
pound weights, the two similar cylinder s , the large cylinder, 
and the flange. The 't est specimen h ad not broken at the limit 
of the machine and t he test WaS then d i sc ontinued. 
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Test number sixteen Was made using the size .014 material . 
At 41 pounds a 'wrinkle formed in each half; continued the test 
up to the limit of the scale and then added the two 50-pound 
we ights . This brought the scale back to 535 pounds; continued 
the test and at 550 pounds the material broke. In this test 
the material broke very suddenly and caused one of the difficul-
ties which Was mentioned in the deSC1'iption of the machine: 
This WaS the jumping of a tooth in the internal mechanism of the 
scale. T~s caused the scale to only back down to 55 pounds in-
stead of to its zero reading . The scale was readjusted and re-
calibr ated prior to beginning the next test. The scale was now 
found t o re ad three pounds light and this Was taken into ac-
count in the computations . 
Test number sevente en was made with the size .032 material . 
At 370 pounds scale reading a wr inkl e formed in the upper half 
and at 434 pounds one formed i n the lower half. The test was 
discontinued at 560 pounds scale reading as from the previous 
exper i ments with this gauge material it was found that the 
breaking point was beyond the limit of the mach ine. Therefore, 
only the buckling point was obtained for this size material. 
Test number eighteen was with the size .010 material. 
At 17 pounds two wrinkles fo r med in the upper half and also one 
in the lower half . At 410 pounds the top edge of the upper 
right-hand corner cracked. At 460 pounds scale reading the test 
specimen fai l ed completely and the scale dropped to 330 pounds. 
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This test completed the seri es of each gauge for this radius 
and as the results appeared sat i sfactory it waS decided to pro-
ceed to the next size r adius. 
Test number nineteen was made with the radius of 4.312 
inches and this WaS the r adius used in the remainder of the 
tests. The s ize . 010 materi al was used in this test. At 54 
pounds scale r eading a wrinkle fOlOmed in the upper half and also 
in the lower half. At 430 pounds scale reading the bottom edge 
cracked at the left corner. At 448 pounds the top edge also 
cracked at the right-hand corner. At 530 pounds the mate~ial 
began failing but it held together until the scale registered 
560 pounds and then it br oke . 
Test nurn.ber twenty was made with the material size .020. 
The test specimen in this test began wrinkling in the upper 
hal f at 192 pounds. At 250 pounds a wrinkle formed in the lower 
half . At the l i mit of the scale, the two 50-pound weights, the 
two T-sections, and the two similar cylinders were added. This 
brought the scale back to 350 pounds. Ran the scale back up to 
its limit wh ich Was now also the limit of the machine. The test 
sheet showed no indications of failing and therefore the test 
was discont inued. 
Test number twenty-one WaS made with the size .03~ material . 
Prior to runni ng off this test it WaS necessary to again adjust 
and recalibrate the scale . It then read four pounds light. At 
430 pounds scale re ading a wrinkle formed in the upper half. 
• 
N .A.. C. A. Technical Note No. 343 24 
A wrinkle formed in the lovier h alf at 530 pounds . The breaking 
point of this material WaS known to be beyond the l i mit of t he 
s cale and therefore the test was now d. is continued. 
Test number t wenty- t wo WaS made wi th the size . 014 materi al. 
At 40 pounds a wrinkle began to form very slightly in the upper 
h alf, and at 57 pounds it" was completely formed . At 90 pounds 
a wrinkle forme d in the lower h alf; continued the test up to 
540 pounds and then added the t wo 50-pound weights. This br ought 
t he scale back to 460 pounds ; continued the test up to 560 
pounds and t hen added one of the T- sect ions . This brought the 
s cale back to 505 pounds; then r e sumed the test and at 595 
pounds the material broke. Thi s WaS the most complete break of 
all the tests run off. It broke everywhere at the same time, 
the lower lef t - hand corner , the upper right-hand corner, and 
also along t he right edge. 
This te s t complet ed t h e s eries for the fourth size radius . 
There had no w been tests run off u sing four different gauges 
of the material a.nd four radii in every possible combination. 
Some check tes t s had been made also. When the computations had 
be en made and the results plott ed the data obtained proved to 
be very good. The data obtained f or tests in which the number 
of ribs had been varied h ad al so proved to be satisfactory. 
It :was therefore no t deemed nec es sary to run off any more tests . 
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Tabul ation of Dat a Obt ained from the Tests 
Bu ckling Breaking 
Test No. Size Radiu s Ribs l oad load 
1 . 032 5 . 187 3 3610 6600 
2 . 01 4 5. 1 87 3 437 
j 
3056 
3 ' 
. 020 5 . 187 3 1 571 6539 
4 . 010 5 . 187 3 524 5628 
5 .032 5 . 1 87 4 501 5 Unbroken at 12,300 
6 .032 5 . 187 3 4414 " " 10,804 
7 . 014 5 . 1 87 4 728 4951 
-
8 . 020 5 . 187 4 1 377 9640 
- -
9 .010 5 . 187 4 666 5433 
1 0 . 014 5 . 1 8 7 3 475 5627 
11 . 020 6 . 9 37 3 1 116 Unbroken at 7,956 
1 2 . 010 6 . 9 37 3 456 I 3463 
13 . 032 6 . 9 37 3 3172 Unbroken at limit 
of machine 
14 . 014 6 . 9 37 3 456 4354 
15 . 020 6 . 1 8 7 3 1115 Unbroken at limit 
of machine 
1 6 .014 I 6 . 1 81 3 446 6383 
17 .032 6 . 1 87 3 3618 Unbroken at limit 
-
of machine 
18 . 010 6 . 181 3 194 4006 
19 . 010 4.312 3 553 4200 
20 . 020 4.312 3 1892 Unbroken at limit 
of machine 
21 . . 032 4 . 312 3 4210 Unbroken at limit 
of machine 
22 . 014 I 4.312 3 I 427 I 7592 
I 
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Appendix A 
Tabulation of Dat a from Tests in Final Form 
Tes t No. Shear in lb. / sq. in. Radius/Thickness 
1 4694 162 
2 1a99 371 
3 3275 259 
4 2179 518 
5 (four ribs ) 6523 162 
6 5749 162 
7 (four ribs) 2161 371 
8 (four ribs) 2863 259 
9 (four ribs ) 2776 518 
10 1414 371 
11 2321 348 
12 1901 695 
13 4128 217 
14 1358 495 
15 2390 305 
16 1328 443 
17 469 5 194 
18 808 618 
19 2305 431 
20 3940 216 
21 5483 135 
22 1271 309 
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Val ues of the Weights Us ed on t he Lever Ar m 
The two T- sect ions ............. .......... . 
(each 63- 1/ 4 l b.) 
l 26t lb . 
The lar ge cyl indri cal weight •.. ..... . ..... 62t II 
Fl ange ......•.................. ..... . .... . 38t " 
The thr ee similar cylindrical wei ghts .. .. . 103t II 
We i ght of the ass i st ant ... .. .. ...... . .... . l 83t " 
We i ght of the Mat eri al Used in the Tests 
Size . 010 24" x 120 " 4 lb. ( in sheets) 
II 
. 01 4 28 11 x 120 " 5 II II II 
II 
.020 36 " x 120 11 9 II II II 
II 
. 032 36 " x 144" 17 II II II 
The rat io of the arm of t he s cale to the arm of the slide 
Was calcul ated t o be 9 . 7 and the s ame r at io for the cross- bar 
carry i ng the added we i ght s WaS calcul ated t o be 10 . 0. 
Note .- Tests wer e made i n the mechanical laborator y of the 
Univer s i ty of Cal i forni a . The material used Was 
fur ni shed by The Al um i num Company of Nner ica. 
April , 1930. 
~~--j 
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Fig.1 Machine for testing thin curved sheets of Alclad in shear. 
Tests made in the Mechanical Laboratory of the University of 
Oalifornia, 1929 - 1930. 
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Plan 
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Fig.2 Test machine of thin curved sheets of alcl().d in shear. 
c ontinued on tne next two pages. 
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